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iREPORT OUTL ir

This report is presented in ti'o volumes and deals with the
acquisition and retrieval of data pertinent to the analysis of the
2.75 Inch Rocket/AIlG Weapons System Baseline Accuracy Tests. A
orief description of each volume is given below:

Voluie I details the various phases of the 2.75" Rocket Baseline
Accuracy TLst as taiey pertain to ECY-1 supported functions and its airborne
data retireval system. A complete description is included of the
instrumentation system, aircraft flight configurations, alinnment and
prefli jit procedures and a comprehensive description of the major suL-
systems Lotih procured and fabricated for tihe test pronram.

Volurne II is a presentation of retrieved data samples, recorded
during Phase A and Phase B testing at the Yuma Provinn r rounds, to
verify airborne instrumentation performance. Analysis of the data is
presented itncludinq !lots of retrieved data, correlations letvleen data
sdmples taken .ith various trarsducers and a frejuency analysis of the
samplhd data.
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1.0 Purpose and Gackqround

The Aircraft Installation and Test Technical Area, Avionics Laboratory,
US Army Electronics Command was tasked by the MUCOM Project r'anaqer Office,
.75 Inch Rocket System to provide technical assistance and support in

the instrumentation of the 2.75 Inch Rocket Baseline Accuracy Test,
Project TPR-RK-1141.

ECUBi furnished a recently developed high accuracy digital data
acquisition unit and integrated this unit in an AH-I1 aircraft with various
transducers and sensors to provide a highly sophisticated airborne recording
system. The recorded data is used for the assessment and subsequent
analysis of the crucial independent functions that were pertinent
to a comprehensive study of the total rocket weapons system. The functions,
whose parameters were monitored and recorded in their natural system
environment, that comprise the major subsystems of the 2.75 Inch Rocket
System/AiH-lG weapons system are as follows:

*Helicopter Performance as a Stable Platform

*Rocket Performance

* Pilot/Gunner Performance

*'unsiqht and Launcher Subsystems Aliqnment

oAiming Accuracy of the Helicopter

ECO!1 personnel specified and controlled the confiquration of the
airborne data retrieval packaqe and coordinated all associated contractor
efforts and procurements. American Electronics Laboratory (AEL) performed
the aircraft installation and integration of the various electronics, trans-
ducers and sensors and fabricated a major portion of the specialty hardware
designed for the test. The initial instrumentation test procedure and check
out flignts were conducted by American Electronics Laboratory at their
Monmouth County Airport facility.

Airborne data system maintenance, operation, renovation and support
at the Yuma Proving Grounds Test Site was jointly provided by USAECOrI,
American Electronics Laboratory and tinneapolis Honeywell personnel.

The following is a listing of major program milestones in chronological

sequence:

June 1970 Preliminary Discussions Between 11UCOM and EC0M

huqust 1970 Program Work Request from M1IICO'l

September 1970 Design of Instrurentation System
Procurement of lajor Subsystems Comenced
Systems Installation Started (A/C #67-15691)

.
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November 1970 Hardware Fabrication Completed

December 1970 Sensor and Transducer Validation

February 1971 Systems Installation Started (A/C #66-15250)
Installations Completed
Preliminary Flight Test at AEL, Monmouth County racility

:larci 1971 Aircraft Arrived Yuma Provinq Iround
Preliminary Phase A Testinn Commenced

ilay 1)71 Phase A Testinq Commenced

August 1971 Phase L Testinq Commenced

February 1972 Phase B "Add-On" Testing Commenced

2.0 Summary

US Army airborne system testing capability has been advanced
significantly as a result of innovative techniques estahlisho:I arid
uilized during the compreliensive testing of the FFAR Weapon System
The introduction and application of these techniques permitted the first
quantified assessment of the AtH-lG aerial platform subsystems as they
function in the total system environment. The accurate simultaneous
monitoring and recording of the critical subsystem parameters when analysed
in conjunction with the normal system evaluation methods provides both
cause and effect information.

Guiding concepts and qoals established for the instrumented test

are outlined below:

osEstablish Parameters Critical to ,unship Performance

* Quantify Subsystem/System Referenced Data

*4onitor and Control Spurious System Disturbances

eRecord Aerial Weapons Systesm Baseline Data

*Correlate Rocket Accuracy and Aerial Vehicle Stability

*I)evelop a High Accuracy Diqital Airborne Instrumentation System

eFornat Compatible Data Tapes for Iniversal Application
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The data relevant to the analysis of the AH-I' mounted 2.75 Inch
Rocket System was obtained using a specially developed ECO;I airborne
instrumentation system in conjunction with Yuma Proving Ground (YPi)

ground based tracking and recordinq network. The instrumentation
system was designed to function on a noninterfertng basis to maintain
Lhe integrity of the weapons platform operatinq in its natural mission
environment.

Cinetheodolite stations position fixed the aircraft in snace and
an inertial reference system established the orientation of the aircraft
coordinate system with respect to local gravity. The inertial reference
system also sensed the anqular rotation of the aircraft coordinate system.
as well as measured the linear acceleration along its axes. These
parameters fixed tOe rocket launchinq point and qunsight aim 'oint with
respecL to the target.

The relative tiind rrofile was monitored in front of tie rocket
launchers and at tile nose of the aircraft to determine and nmeasure tile
perturbing effects of tle airflow w;hich may cause a deviation in the
rocket flight path when launched from the aerial vehicle. The initial
launch conditions of tile rocket launcher were monitored with respect
to tile aim point to determine its error contribution to the flight of the
rocket and tile overall accuracy of the system.

An onboard gunsight camera system was used to determine the orientation
and sighting of tile Ai11-1G weapon system during target acquisition and
recorded the flight of the rocket to the target. The trigger time and tine
of egress of the rocket from the launcher were sensed to determine the delay
characteristics of the aircraft launchinq system and its impact on
sighting versus launch time aircraft orientation. The average velocity
of the rocket was calculated from the recorded data in order to assess its
contribution to the total accuracy of the rocket system.

3.0 Test Program Phases

3.1 System Design

The syste, desiqn phase was initiated at ECOM based on a presentation
of the program requirements and objectives by 'IUCOM. A complete analysis
of the program definition followed with emphasis on the responsibilities
assigned this facility. A systems approach was developed with the understand-
ing that the airborne instrumentation package would eventually be a
subsystem of a greater data retrieval system. This requirement dictateJ
the fact that the airborne system must interface and be compatible with
existing and proposed facilities at the Yuma Proving Grounds.

Transducers and sensors were selected that were capable of withstandinn
a ielicopter environment. Environmental specifications, includinq high
temperature, sand and dust dictated that the equipments be ruggedized
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but retain the accuracy requirements of laboratory type instruments. The
transducers also were required to be compatible with the existing Data
Acquisition Unit (DAU).

The mechanical assemblies for mountina the linear variable differential
transformers (LVDT), had to be easily installed, alined and calibrated and
yet remain truly independent of any movement in the winq structures. The
anile of attack pods which house the transmitters must be easily transferable
between aircraft and cause a minimal amount of disturbance to the airflow.

The inertial reference system (IRS) was required to be mounted as close
to the center of gravity as possible yet be in a osition that allowed
easy access for mechanical alignment.

.' technique was developed whereby the data acquisition syster:i could
Le easily removed from the test aircraft and reinstalled in th; back-up
aircraft ,itijin one Jay. Identical instrumentation hiarnesses vere fahricited
for each, of the two aircraft. In order to transfer te instrumentation
packaoe, the entire instrumentation nallet was designed to be easily
removed from the almunition compartment of the test aircraft and remounted in
the back-up aircraft.

Toe data requirements dictated that the instrumentation system be
capable of accepting and recording both analog and diqital information 1-ith
a high degree of accuracy. Twenty-five analog inputs, with various ranges
up to 25 volts had to be monitored to provide system data. !Iultiplexing
rates of 100 and 1000 samples/second viere required to provide the data
resolution necessary for the accurate analysis of the system.

The overall airborne instrumentation system was under the direct control
of the co-pilot. Via the instrument control panel and DAU control unit,
tihe co-pilot controlled the data acquisition unit, all transducers, two
on-board cameras and the digital recorder.

Te airborne system was canable of interface with the YP^ ground
facilities. The telemetry serial data transnission, when properly "locked",
provided real time data analysis via a six channel strip chart recorder.
YPG was responsible for data retrieval and analog presentation. Compatibility
was required between the airborne recorded magnetic tape and the oround
computer used to decommutate the data and format a 1/2 inch IBM compatible
tape for final analysis. An analog channel was provided on the recorder to
allow a Pulse Amplitude Modulated (PAM4) range time sinnal to be recorded.
The range time transmission linked all portions of the data retrieval
system together. A run number generated by the co-pilot via the control
panel for each flight test, tied each data frame to a particular test for
ease of handling and data recoqnizance during analysis.
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3.2 Preliminary Flight Tests

ECOrI testing of the airborne sensors was performed in several
stages. The transducers and other subsystems were acceptance tested to
verify that they were fabricated in accordance with specifications.
Frequency response, dynamic range, accuracy, resolution and scale factors
were of prime importance. The units were then interfaced with the data
acquisition unit to assure compatibility and to verify that the linear
tracking and analog to digital (A to D) conversion of the sensed inputs
was being performed and recorded accurately. Finally the senors and test
subsystems were installed in the aircraft and a complete systems check
performed. These tests were designed to determine if the Installation of
individual equipments affected the system and data was taken to verify
performance.

The aircraft was then flight checked as an airborne instrumented
testbed. The test vehicle was flown through a series of simulated rocket
launch flight patterns and the sensed data was recorded onboard while beinq
simultaneously transmitted to a ground station for real time display.

An ECO11 ground receiving and recordinq station was established at
Aonmouth County Airport, flonmouth County flew Jersey for the preliminary
flight tests. An American Electronics Laboratory (AEL) six foot parabolic
antenna Type APN-llIB, tracked the aircraft's S-Band PCII/FI transmitted
data to distances of 25 miles. The data was received at the ground
station using a Defense Electronics PCM/FM Telemetry Receiver, Type TMR-74,
fed into an EMR Signal Conditioner, Type 2721, and then to n E;;R Frame
Synchronizer, Type 2731, prior to being converted back to analon inforrntion
for display on six EMR, Type 2755, Analoq'Displays. The information
was simultaneously recorded on a Brush 6 channel strin chart recorded,
Type Mark 260, for analysis and verification of system performance.

Flight test results verified that data could be transmitted from the
ielicopter over line of sight distances without data loss or degradation.
It was determined that data dropout occurred only at the times the aircraft
bunked towards the receiver antenna at angles greater than 20 denrees
and in low level head on approaches both of which cause airframe shading
of the antenna from the ground station receiver. It was recommended
that the ground based receiving antenna should be in line with and to the
rear of the flight path so that the transmitting antenna would be unobstructed
when the aircraft flew in the normal pitch down position.

A dinital program was written at ECO1 to verify the accuracy of the
airborne recorded data. A technilue was devised to transfer the onboard
recorded digital data from the Leach Corporation digital magnetic recorder,
b1del 3200, to a 1/2 inch magnetic tape that was compatible with the
Electronic Associates Inc. Diqital Computer, "1odel 8400. This transfer
was performed by an EAI DDP-24 Diqital Computer in conJunction with a
hiOS 350 Patch Panel.

5



Several data channels nad shown sensitivity to system and aircraft
ambient noise levels which masked some low level analog data. In order ".j
reduce tihe noise susceptibility and preserve the desired accuracy, several
UAU filter modifications were required to narrow the analog data bandwidth
to a level commensurate with the individual sensor cut-off frequency.

3.3 Preliminary Phase A

Preliminary Phase A commenced several months prior to the delivery of
tie instrumented aircr.ft to the test station at Yuma Proving !round (YPG).
Inforr.ation as forwarded to YP., concernin tile data acquisition unit
data frai:ie, sannling rates, synchronization words and other pertinent
information relevant to tle decommutation process and data lock received
condition. Several test tapes were made available to the data reduction
personnel, following the flight tests executed in the preliminary test
phase. Tiiese test tapes were furnished for checkout of YPG's data decorvmu-
tation and reduction procedure.

Ouring the preliminary testing of Phase A, compatibility between tie
LCJ1i provided instrumented aircraft and tile YPG provided around based
data retrieval system was of prime concern.

The first test was to confirm that the serial transmission of data
from the aircraft via the PC;,!/FM telemetry transmitter could be received
properly. With a "data lock" condition, it could be assured that the
transmitter output level was adequate, the receiving antenna was properly
monitoring the flight path, and the serial-bit synchronization words were
being recognized. This link provided the real time analysis of the
flight. Several flight parameters were monitored including aircraft
attitude and the nose angle of attacks in order to verify that the airborne
data could be received at the telemetry van, relayed to the data reduction
center and retransmitted to the communications van for display.

Several tests were performed to verify that the infrared detectors
were working properly. Rockets were fired and the data recorded on-
board by the data acquisition system. The test tapes were taken to the
decommutation center for analysis. A special program was written by YPI
to provide a listing of the trigger and IR detector pulse. The pulses
were then checked to assure that they viere recognizable in the ambient
noise and were being identified correctly by the computer.

3.4 Phase A Tests

Phase A testing was programmed to verify that all data systems
were properly coordinated and to evaluate tne flight conditions to be
flown in Phase B. Comprehensive data was recorded in the aircraft and
telenetered to the qround station for all sensed parameters in several
instrumented configurations. Phase A flight tests were indicative of the
Phase 3 flights Oith all systems active including actual triggering of

6



dummy rocket rounds. Lach orjanization was responsible for the operational
capability and accuracy of their instrumentation or equipment. Data
systems compatibility became a joint effort in an attempt to isolate and
correct problem areas which developed in the initial flight runs.

Uurinq the Phase A test proaram, the primary source data was recorded
on the ECd&1 airborne diqital magnetic tape recorder. The taes were
transferred to 4tmie 1ata reduction center for formattino and processing.
,% r su1 Lat engineering unit t.ipe was made available to Picatinny Arsenal
anJ Fort ionnoutii personnel for detailed study. ,esIltant ennineerin-
unit princout was distributed by YP3 to personnel of various comnands for
analysis and verification.

Tito deteri|iination of tile aerodynamic flow profile about the aircraft
and rocket launcier pods under various flight conditions was of prime
interest. Straight and level, 120 and 150 dive flight data at various
power settings were recorded and studied. Teti angle of attack transmitters
were mounted on the aircraft in order to determine the aerodynamic
profile. Angle of attack sensor data was taken in eleven different
instrumented confiqurations. The recorded information was processed and
correlated with respect to the other sensors in the same olane and all
pitcii sensors were also correlated to tne pitci anile of the aircraft.
The data was revieved for repeatability and accuracy in order to determine
if the instrument confiqurations biased the normal airflow patterns.

Information was gathered to determ, ine the pitch dovin anole of the
aircraFt as it flew in a straight and level flight path at various
airspeeds between 90 and 145 knots. The pitch angle has a direct bearino
on the qunsight settinq for the 2.75" rocket and therefore was significant
in the study of the accuracy depend-nt parameters of the %,,eaon system.

3.5 Phase B Tests

41l of the instrumentation used in the Phase A tests and the
optimal sensor configurations determined from those tests %-.ere utilized
for Lie live rocket firinq runs comprising the Phase 13 tests. Tme
additional instrumentation required during this phase to obtain data for
complete specification of the system performance included the infrared (III)
detectors and linear variable differential transformers (LVOT).

Two IN detectors on each side of the aircraft were used to detect
time IR in the plume of the rocket. The first detector responded to the
I if-inediately upon tire rockees egress from the launcher tube. Using this
information and the precise time of trigger, the delay characteristics of
the system could be determined. A second detector mounted to the aircraft
five feet ahead of tie first was used to detect the passage of the rocket and
made available information for determining the average velocity of the
rockets with respect to the aircraft. Each rocket firing was monitored
and an indication of the passage was recorded by the onboard instrumentation
package.

7
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Tie LVuITs were used to detect the motion of the 2.75" rocket launcher
with respect to the airframe durinn the entire test run, with the time
period beninninq just prior to and endinn immediately followina the firinn
being most important. Four position sensors were mounted on the outside
circumference of each pod, two on the front and two on the rear. Two of
the sensors were mounted in the pitch plane and two in the yaw plane.
Linear motion of the rocket pods in the nitch and yaw plane and rotational
motion about the pitch and yaw axis were determined by monitorine the outputs
of the LVDTs.

Using the ranne time or elapsed time code data, velocity and
acceleration of the rocket pod in the pitch and yaw planes and about the
pitcii and yaw axes can be determined as the first and second derivatives
of the displacement data with respect to time.

4.0 Instrumentation System

4.1 System uescripL on

4.1.1 Total Oata System

The general block diaeram for the data flow technique as used in
the retrieval of data for the test pronram is shown in Figure 1.

The Yuma ranqe provided the capability for determininn the position
of the aircraft with respect to the nround tarnet by continuous monitorinn
of its position using cinetheodolite stations. The theodolite stations
triangulate the position of the aircraft in a 3 axis coordinate system.
The theodolite data was corrected by viewing the films on a scoring board,
determining the trackinq error and then correctinn the data accordinoly.

Aircraft ranwe data was obtained usinq a radar provided by White
Sands Missile Ranne and operated by RCA Cornoration oersonnel. The AIf-IG
was tracked throunhout the flight test by the radar and nosition information
was transmitted to all nround stations by the flipht coordinator monitorinn
the radar plottinn board. The pilot was continuously updated on his
lateral and vertical position with respect to the predesinnated fliriht nati.

Mleteorological information includino air density, wind speed and air
temperature was rionitored on a 130 foot tower in the vicinity of the test
rancie. The air density and temperature information was used to correct
aircraft flight data. A maximum air sneed of 10 knots was allowed beforetestin was terminated.

The position of the aircraft and the rocket impact points were
photographed by an overhead reconnaissance aircraft.

8
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Fliqiit data was also available from film exposel onboird the aircraft.
A zaraera was used in conjunction with the rocket aunsight. The camera
recorded the position of the qunsight pipper with respect to the tirnet
and .monitored the flirvu, of the rocket to the impact area. A second
camera was used to record fuel quantity, engine torque and the aircraft
bank and turn indicator available on the co-pilot's instrument panel.

Tie airborne instrumentation system sensed, diqitized and recorded on
magnetic tape all of the appropriate flight parameters which are described
in detail in section 4.1.2. Tile entire information rackane was made
available to tile data reduction center for decomnutation, correlation and
forrattinn.

Th PC:i serial telemetry data was processed in real time and
transmitted back to the communications station for display. The ground
unit was capable of displayinj up to six channels of information in real
time. Three channels were used to monitor the aircraft attitude in the yaw,
pitch and roll planes. Two channels %-,re assigned to monitor the two nose
angle of attack indicators on the aircraft and one channel was available
for tihe trigger pulse indication. "Ionitorinq of tile real time display
was done so that any abnormalities in the flight characteristics including
severe attitude cnanges or larqe wind gusts could be detected and noted
as a transient initial condition during data analysis.

Te data reduction center processed the information from the parallel
tape, films, radar, theodolite, and meteorological data and tine correlated
it to standard range time. A range time clock siqnal was available for
transmission to all units for recording with the data. The correlation
then became a simple matter of aliqning the time periods so that the data
could be accurately compared and analyzed.

The final output from the data reduction center consisted of printout
of all data except the parallel recorded PCI data. The airborne tape
was decomutated at the data reduction center and a 9-track IBM formatted
tape was vritten. This tape was made available to riUCOMi for detailed
analysis.

4.1.2 Airborne Instrumentation System

The total airborne instrumentation system as confiqured and delivrr:l
for the baseline test is shown in Figure 2 with data signal
flow depicted cetween major subsystems.

4.1.2.1 Sensors and Transducers

The instrumentation sensors and transducers were desined to
monitor tne various test parameters and convert the information into a
voltage representation compatible with the ECOM supplieJ data acquisition
unit. The performance characteristics of each transducer selected were
evaluated individually and functionally in the overall installation to
assure tliat the sensitivity and accuracy requirements of the system were
as specified.

10
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The parameter sensor statistics includinq scale factor, accuracy and
frequency response are si'iown in Figure 3 and are self-explanatory. Total
data statistics, including data resolution precision and frequency cutoff,
for caci sensor type are also shown in Figure 3. Definitions of the data
statistics are as follows:

data Resolution The smallest enqlneerinn unit value or
chanae in value that can be detected by the
Jata acquisition system.

data Precision The percentage of full scale tiiit the
smallest detectable incremental v3lue
renresents.

L iata Freluency Cuitoff The frequency at which the maqnitude ,r
the output data has fallen 3 db belovi the
inlput.

The parameters sensed and monitored during Phase .1 testing and

the enumerated data word assigned to each sensor dre listed in Figure 4.

VATA WFPLI PAArMETER TRANSDUCER

Al Left IQ Detector
f.2 Lateral Accelerometer
A3 Vertical Accelerometer
S%4 Fore/Aft Accelerometer
AS Right IR Detector
A6 Roll Rate
A7 Yaw Rate
ll Aircraft Pitch

12 Aircraft Roll
G3 Aircraft Yaw
i4 Pitch Rate
65 Angle of Attack 2 Left Pitch
6 6 Angle of Attack 2 Left Yaw
87 Angle of Attack 4 [iqht Pitch
B8 Anqle of Attadk 4 P.iqht Yaw
813 Anale of Attack .1ose Yaw
114 Angle of Attack Nose Pitci
615 .,nqle of Attack 1 Left Yaw:
816 Angle of Attack 1 Left Pitch
L17 Angle of Attack 5 Right Yaw
Bi Angle of Attack 5 Riqfht Pitch

NOTE: The angle of attack sense planes listed here corresnond to
configuration number 4.

rIG. 4 PPJSE A TRANSDUCER DATA WORD ASSIrGN;EIIT
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Tn transducer used during Phase B testing and the data words

assigned to the sensors are shown in Figure 5.

6ATA WORD PARA;METER TRANSDUCER

Al Left IP Detector
Lateral Accelerometer

A3 Vertical Accelerometer
A4 Fore/Aft Accelerometer
A5 Right IR etector
A6 Roll Rate
A7 Yaw Rate
lil Aircraft Pitch
132 Aircraft Roll
63 Aircraft Yaw
64 Pitch Rate
B5 LVDT Left Horizontal rorward
B36 LVDT Left Vertical Forward
67 LVDT Left Horizontal Aft
B8 LVOT Left Vertical Aft
19 LVDT Right Horizontal Forward
BiO LVOT Right Vertical Forward
Bl3 LVDT Ri eht IEorizontal Aft
B12 LVDT Right Vertical Aft
[13 Angle of Attack !ose Yaw
14 Angle of Attack Nose Pitch

B15 Angle of Attack Left Yaw
B16 Anqle of Attack Left Pitch
017 An,.le of Attack Right Yaw
B18 Angle of Attack Rinht Pitch

NOTE: The angle of attack sense planes listed above correspond to
confi-.uration nurmLber 5.

FIG. 5 PHASE U TRANSDUCER DATA WORD ASSIGII[EUT

4.1.2.2 Control Panel

i'n instrumentation control panel was provided for the co-pilot to
control the following functions: Inertial reference systen power,
azimuth gyro cage, transducer excitation, canera control, and run number
selection. The control panel is more completelydescribed in paragraph
5.1.2.

4.1.2.3 Radar Altimeter

An [COIl provided radar altimeter was installed on each A1-1' I
helicopter with displays in both the pilot and co-pilot compartments.
The radar altimeter provided altitude information to the pilot during the
test flilhts. The information supplemented the nround radar data, provideJ
via the flight director, particularly at low altitudes.

14
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4.1.2.4 Control Unit

The data acquisition systewr is activated by a control unit (CU),
Figure 6, located in the co-pilot's compartment of the AH-1I helicopter.
The control unit "NO GO" light indicates the condition of all internal
power supply voltages required for operation of the samplina system.
Two event marker pushbuttons are available on the CU for narking special
events during the fliqlt test. An output is provided on the control
unit where tne digital output from tie multiplexer is converted back to
an analog voltage. Any of the analog channels can be viewed with a
digital voltmeter connected to Jl on the CU. The channel is selected by
the "U/A CIIANNEL SELECT" thumbwheel switc.'.es on thie CU face panel.

4.1.2. iata Aciutsition Unit

Tne output of the paraneter translucers is in:ut to the DMta
Acquisition Unit (DAU) %,hich provides the central control for the operation
of the instrunentation system. The )AU functional block diaqram is shown
in Figure 7.

Data is transmitted by the DAU to the dilital maqnetic tane recorder
in a Lit parallel p ulse code modulated format as shown in ri-ure 8. The
data is stored on the one inch tape for data analysis which i,:as "erformed
later at the data reduction center. The dinital words are also converted into
a serial Lit stream by the DAU parallel to serial converter and transmitted
by tie PC"1/Ffl telemetry transmitter to the ground station real tine date
display.

RECORDER TAPE TRACK FUICTION

1 ot Used
2 Parity
3 Sign
4 Bit 10 ( SB)
5 31t 9
6 Bit ,
7 1it 7
6 Word Mark
3 Bit 5

10 Bit 4
11 Bit 3
12 Bit 2
13 Bit 1 (LSB)
14 Bit 6
15 !lot Used
16 Ranne Tinc (rulse Amplitud!

lolul ated)

FIG. 8 RECORDER DATA FOR'AT

17



.. . .r -. • -

The multiplexing system begins sampling the transducer outputs
immediately upon activation of the "power" switch in accordance with the
preselected fonat. Power is simultaneously applied to the telemetry
Lriisriitter and transmission of the serial data commences via the S-band
tele;netry antenna. The sampled data is applied to the Jigital recorder
following activation of the "poter" switch but the data is not recorded
until the "run" switch is depressed. Recorder transport power, tape
speed selection, and tape recording direction is accomplished on the tape
transport located in the armunition compartment of the aircraft.

Tihe parameter sensor outputs are input to either the hiih rate or
low rate channels depending upon the sampling rate requirements. The inputs
to tie DAU ir-o in t;e tr volt or ±25 volt range. The attenuation card
converts the !iigier voltage analog inputs into a common range of t5 volts
and provides selected filtering of the higher frequency noise components.
The high rate channels, channels Al thru A7, are applied directly to the
analog main multiplexer. The low rate channels, which include the three
synciro channels, are innuts to an analog submultiplexer. The synchro
information is converted to a DC voltage prior to application to the
subrmultiplexer. As can be seen from the block dianram the DAL! analog
calibration voltage is also input to the submultinlexer. The calibration
generator provides five calibration voltages to the system which aids in
determining if the system is operational.

An analog to diqital (A to D) converter converts the data samples
output from the main multiplexer into a diqital binary code consistini
of 10 magnitude bits plus a siqn bit. System sensitivity is set at
5 volts = 1000 counts, the least significant bit is representative of a
5 millivolt analog step. The dioital words are applied to the dinital
multiplexer along with information from the discrete inputs, the time code
generator and the event markers. These digital inputs are then arranned
into the desired parallel and serial output formats. The data format frame
selected for the 3aseline Test is shown in Finure 9. The DAU nrocesses
100 frames of sampled data per second. Therefore the analon inputs to tie
"A" channels are sampled 1000 tines Per second and the "B" channels are
sampled 100 times per second.

4.2 iircraft Confiquration Control

4.2.1 Instrumentation Configuration

Phase A flight tests were performed in order to determine the
aerodynanic flow; patterns around the two instrumented aircraft. Each
rocket launcher was equipped with an angle of attack transmitter pod
that was desiqned to cause minimal disturbances in the airflow. Each
pod housed two transmitters sensitive to the airflow in the yaw and
pitch planes.

The IR detector trigger shaping networks were used during the
simulated rocket firinn fl1liits to indicate tihe occurrence of a tringer
pulse.

18
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AI A2 AS A4 A5 A6 AT 8I CA CC 811 D1

Al A2 A3 A4 A5 AS AT B2 CA CD I2 D2

Al A2 A A4 A5 A AT D3 CA CD 913 03

Al A2 A3 A4 A5 A6 AT 34 CA CD 814 D4

A I A2 AS A4 AS A6 AT 85 CA CD 815 05

Al A2 AS A4 A5 AS AT 86 CA CD 816 Cl

Al A2 A3 A4 A5 A6 AT B7 CA CD BIT C2

AI A2 AS A4 A5 A6 AT I8 CA CD BI CAL

Al A2 A3 A4 A5 A6 AT B9 CA CD ETI ET2

Al A2 A3 A4 A5 £6 AT 810 CA CO S S2

DATA INPUT CHANNELS DAU GENERATED IUFORNATION

WORD INPUT WORD FUNCTION

Al - AT HIGH RATE ANALOG ETI - ET2 ELAPSED TINE CODE
II - 85 SYNCHRO CAL CALIBRATION WORD

B4 - 8l8 LOW RATE ANALOG SI - S2 SYNCHRONIZATION WORD
DI FLIGHT TEST RUN CODE
D4 EVENT MARKERS

NOTE: ALL OTHER WORDS ARE UNUSED.

FIG. 9 DATA FRAME FORMAT
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Two aircrdft, tail numbers 6G-15250 and 67-15691 were identically
configured for Piase A as shown in Filure 10 entitled "Phase A Aircraft
C onfiguration". The starred (*) items are common to both aircraft in
Phases A and B.

In addition to the common itemsaircraft 66-15250 was instrumented
to allow rockets to be fired from the inboard pods during Phase B. The
acconmodating mounts for the LVDTs were provided in the appropriate position
for monitorinn tile rocket nod motion. Anqle of attack pods remained in the
nose and outooard pod positions to monitor the airflow durina these
flights. The LVDT and the anale of attack pod configuration for aircraft
GG-15250 is indicated in Figure 11 The common items shown in Figure 10
were not repeated in Phase B configuration drawings.

Aircraft G7-15C,91 was configured to allow the 2.75 inch rockets to
be fired from the outboard pods while monitorin, of the airflow patterns
v.;s accomplished by the annle of 3ttack transmitters installed in t:he
irboard position as indicated in Figure 12.

,. comnosite Phase A and 8 confiquration checklist for the t%o air-
craft is providud as a reference in Figure 13.

Six different anrjIe of attack confinurations %.ere useA in Phase P',
to obtain the desired aerodyranic flow natterns. These configurations
are saio .n in Figure 14 with tile angle of attack transmitters drav,n as
seen iy the pilot. The various angle of attack arrannements provided
information to determine: the flow pattern about the aircraft, the
optimal instrunentation configuration and aircraft angle of attack as a
function of dive angle and power setting.

Three Phase B configurations for aircraft 66-15250 and two Phase 6
configurations for aircraft 67-15691 were flovn during the live firin'
passes of the 2.75 Inch Rocket Proqram. The configurations can be seen
in Figure 15. The angle of attack transmitter oositions are shown as
view.ed by the pilot.

4.2.2 Electrical Configuration

The electrical cabling block diagram of the data acquisition system
as installed in two Al-lr helicopters for the baseline test pronram is
depicted in Figure 16. Except for the 28 VDC aircraft oower innut, only
tile outputs from the junction box are shown in this finure.

The junction box is a central distribution point for all power and
signal inforrat-ion. Each signal line is easily accessible for monitorinn
during calibration, preflight, and troubleshooting operations. Tile
junction box also contains power supplies to provide instrumentation
energizing voltdages and the filtering networks required to iiininize the
conducted, coupled and radiated electrical interference on the datl line-.

Aircraft 28 VUC power to the junction box Is controlled by a circuit
breaker in tiie pilot's compartment. The power is distributed to the tape
recorder and telemetry transmitter from the IDAU connectors ,l3 and J7,

20
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COL~UNWPUTION CHECKLIST

Angle of Attack Sensors Phase A Phase BCf4/C 250) Phase B(fh/C 691)

Left Cutboard x x
Left Inboard X x
Aose x x x
iiht Inboard X X

Right Outboard X

LViOT

Left Outboard Y
Left Inboard x
Right Inboard X
Right Outboard X

Inertial Reference SjYstem

Altitude x x
R~ate x X x
Accel eration X X

Radar A"ltimeter x x X

Infrared iJetectors X(Trinaer x x
pulse only)

Gunsight Camera x X

Instrument Panel Camera x X

FIG. 13
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respectively, when the LAU "power" sitch is depressed on the control unit.
The uAU processes the analog information available at connectors J9, J11,
JIG, dnd J19 and generates the multiplexing format, test code, event
markers, and time code, all of which is available at the output of the
OAU connector J10. The PCII data is distributed to the telemetry
transmitter from )AU connector J4 and is transmitted to the ground station
via taie S-Band telemetry antenna. Separate control of the tape recorJer
is provided at the control unit.

The cabling diaoram included as Figure 17 shows the analog interface
with the junction box " .itchi inclules sixteen LVDT channels into connectors
J5 - J3, ten annle of attack transmitters channels into Jll, four IR
detectors channels through J12 and J13 and outputs from the inertial
reference system into JlO. The analog information is output to tile DPU
via connectors al - J4 of the junction box.

T:ie cabling diagram for the control panel and aircraFt camera systen
ir.terface is Jeicted in Figure 18. The panel provides control of the
following four functions: (1) transducer excitation; (2) camera Oir/)FF
control; (3) inertial reference systen excitation; and (4) yaw qyro cagini.
The test code associated with1 each test run is nronram,.Ale ;y snctii--
a binary combination of switches on the control nanel. This information is
recorded as digital data on the discrete channel Dl in the main data frame.

4.3 Instrumentation Alignment Procedures

4.3.1 lnitial Iardware ;ounting and Alignment

Initial instrumentation hardware alignment was accomplished in
accordance with the 'kmerican Electronics Laboratory (AEL) prepared
document entitled "Test Plan for the 2.75 Inch FFAR 3aseline Accuracy
Test". This procedure was accoplistied at IEL's -oniouth County Facility
prior to the prelininary flight tests described in paragraph 3.2. Upon
completion of tile alignment procedure scribe marks were made on the LVDT
supports, the angle of attack pod extension tubes, the infrared detector
mounts, and the adjacent structures to simplify the remounting of the
sensors in the correct position durin' instrumentatlon changes.

Following the transfer of the aircraft to YVG the instrumentation
hardare was remounted and aligned usinq the scribe marks as a reference.
The alignment was checked to prove that it was accomplished accurately.

Tihe alilnment of the nunslght and rocket launchers was icconrinlishel
in accordance with the followinn procedure:

a. Two plur, bobs were hung from hard points located or the
lonitidinal axis of the aircraft.

b. A line coincident with lonqitudinal axis of the aircraft was
determined usinq a transit and slrihtinq the two plum bobs.
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c. The itinsi-6t uas adjusted until the pipper ,,'as accurately
siilited on the "target" lzcated on the extended axis at a Jistance of
approximately 1000 inches.

d. Crossiairs %.ere formed at the front and rear openinn of the
center tube of each launchier.

e. The launchers were then adjusted until the center tube was

accurately airted at tae dista.t "tar"pt".

4.2.2 Li , .Xicnt ,'%li-fiwent Proce.J,ire

The follo:ii'j is a description of the procedjres uised durinn the
test to align and adjust the various sensors and equipments used in the
aircraft instrumentation package.

4.3.2.1 Inertial Reference System (IRS)

Tie nethod used to properly install and calibrate the IRS required
that tIhQ aircraft oe leveled. Tis was done usina standard aircraft jacks
and deterTi;dnq tha proper orientation usi e- a sensitive UbLble lcvel
pliced on special level in-i blocks located ir: the ammunition conpart;eilt.

tihce iL was detenined tivit the aircraft was level, power was applied to
tne IiS systemi. 'lonitoring the output synciro channels witli a digital
voltmeter connected to the analog output connector on the J U'control unit
indicated how far the system was out of trim. Shims were then used to level
tihe IP'S in pitch and roll. A readinn of approximately 0 VUC inlicated the
gyro package was level. The alignr.mnt of the system in yaw was not critical.
Centering thie IN'S platform in the mountini holes allowed an error of only t3o.
This offset was of no significance because of minimal cross couplinq onto
the pitchi and roll erected axes. The yavw gyro was caned to zero degrees
wnua the azimuth of the aircraft was recorded on the runsinht camera film
and any subsequent yaw mo-tion was accurately indicated to within ±.1
degree.

An alternate methiod of alignini the IPS would be to determine the
pitcii and roll attitude of the aircraft and alian tiie platform to duplicate
the relative aircraft attitude. As an example the aircraft may be in a
+30 pitch position. Each digital bit in the synchiro channel renresents
0.09 degrees and each bit represents 5 rillivolts. Therefore the required
digital voltmeter reading can be determined using the conversion factors:

(3 dearees) X (11.11 bits/delree) X (5 mv/bit) a 165.6 nv

Tue package can then be shimned until te digital voltmeter indicates
166.6 mv output. Te I.S will tiian be properly oriented in the pitch
plane. A similar procedure wou d be followed to adjust tie system in tie
roll plane. The outputs must be checked in each plane when shims ire
inserted and again wen the unit is secured to its mountinq frame.
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4.3.2.2 Angle of Attack Transmitters (AAT)

upon coiapletion of tile initial ilirinmient as describe]O in the AELSC
prepared test plan, tha yaw and pitch annle of attac% indicators lie in a
plane perpendicular to the extension tiJbe and arc mutually oerpendicular.
(See Figjure 44, parairaph 5.1.5)

Thec only adjustment necessary' to alifin tile pair of JT transmitters
after insertion in tile2 appropriate rocket tube is to aliqn tile horizonltal
MT so Lnat it is coincident with the dircrift pitch axis. This adiuistrient
will automaticall.y align the yaw AAT. Tile ilinnment is mdcl usinri a
senSitivu bL)le lev,1i onl ti Sneciall;/ raaciricd surfice locatedith
rear of Vile rpou ll ilvi t;;- ili-iiircii of th-2 pod a car, is
lac--,d )ivr t;;e 2xte:isioxi t'"- iL the re-ar of t lauttc~iur and a lockin"!

LOl' a rao.; 1 go-] and ~ ujtorl .toir ill thc: 1iunciicr and or

Tie roar infr,3rei Jetector !,ount riust beo adjusted so t), 12 field of
viewi is r-he area imrelicately ahead of thie rocket launcner. ealiqnment is
required .nenever tile elevation angle of the launchier changied sinnificantly.
Tl'u adjustrient is miade by loosenina the bolt on tile nount (See Figure 19)
until the 1i" detecitor and its adjacent mountin', surface move freely. Vlith
Lae~ lauaciier adjusted for tile proper elevation angle, a flashliqht positioned
directly opposite the IR detector and moved forward from be'iind the launchcrr
simiulates tile plurtte of an, eqressitil rocket. It can be determni.ed if tile
detector is ilonitorinri tile area properly by connectingq an oscilloscope -it
tile outpuit of tae detector. The output can be monitored in the junction
box oi- terminal board #'). Pins 6A and B are the output of the It" ..etectors
oil thle left side of thie aircraft and pins 10lA and B3 are tie output for tie
ri'Tht side detectors. 'k negative pulse (-1.5 volts) silould be noted %w.it!i a
duratiorn of 1.5 -milliseconds t..hen tho lillt impinnes on the sensor. 7ho
nouiit call be lockee into positioi- by tiqhiteninq! tile bolt tinen Oei corract
position has b'eenl determined.

Tile forward IR da~ectors located five feet atiead of the rear detectors
call Ll. cliecked using tCie liqhit and monitoring tile output for a -0.5 volt
pul se.

There are no electrical adjusttments to be maade on the IR Jetectors
when toey are noved between aircraft.

4.3.2.4 Linear Variable Differential Transformer (LVIOT)

The LMTs rmust ;)e aligned in tile following~ manner. The metal band
around the launcher is loosened until the rorl counlinn can nove freily.
Tile coupling is moved until tile LVDT sensinoi rod (vertical and horizontal)
is perpendicular to t;le liunchier axis. The band is then tin~itened. [eor
the outboard launcher horizontal LVIJTs only, the sensing rod is idjusted at
a 120 ang~le Uv order to clear the inboard nod.
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Thu LVDJTs are adjusted for a null output by loosening the housinq fror;
its mounting bracket (See Figure 20) and thei adjustinVi the position of the
iiousing until tile ouTput is zero as indicated on the dirital voltmeter
connected .*o the control unit analog output jack. Tle housinn is then
locked tightly in this nulled position.

4.4 Preflight Procedures and Instrumentation Calibration

Prior to each flight test, a corlete preflight check is performed on
cde instrumentation system in accordarce with the preflight checksheet
shown in Figure 21. The data is recorded on tne checksieet and compared with
the knowvn standard values for each output. If an error is found durinf?
the checkout procedure, a systematic troubleshooting procedure is followed
in order to determine the cause of the error. Troubleshootinq usually
com ences at the junction .ox which contains all test points necessary
for monitoring the sensor excitation voltages, the sensor outputs and the
inputs Lo the Data Acquisition Unit.

A digital voltmeter and the supplied DAU testset is all that is
required co ch:!ckout, calibrate and troubleshoot a major portion of the
instrumnLatioo package.

The 'ata Acquisition Unit contains several internal checks that readily
detcr.}ine its operational readiness. T:l calibration, siq:-l is internally
qe,:orated and irnplied to the ar.nloq-t(:-dilital converter throu,,'. the
anailog ,.ultiplexer in the sar:e manner as all other analon siqnals thus
checking total system operation. The digital multiplexer formats the
calibration data in tie CAL word and is submultiolex-d to incl ,de five
calibrati'on le'vels. T.,e calirili,-n voltane can be checked usinn either
tle testset or the control unit. If the testset is used, 'ICPD 12 and
FAME L are selected to monitor the calibration voltage. The calibra tion
3witch. can be switched to any of the five calibration voltaqe positions.
The alternate mathod of cliecking the calibration volLir-es is to connect a
digital voltraeter to %11 on the DAU control unit. Selecting switch
positions 31, 32, 33, 34, or 35 monitors the calibration vords 1, 2, 3, 4
and J rLs-)ectivel/.

. cci in.', Th~j 11, F:il''L 10 or 112D 12, FIAVE 1C on toe testset ,ill
monitor one half of the tw;o part binary synchronization word. The first
word when properly displayed is 110101101010 and the second word is 01001011)100.
Tie test verifies that the data words are being formatted properly into
the data 'frame.

To conplete the check-out of the D.U, 143RD 12 FRM'VE 4 should be
select2d on the AU testset. Pushing EN,|, I'ARKEl #1, will linlht the least
significant bit of the digital word and EVEIT TIAPKER #2 will light the
second least significant Lit.

Lompltinu the c:ieckout of the DAU and findinn that it is operational,
the renainder of tne instrumentation preflinht can be perforvied.
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INST,IN,ENTATICN PREFLI3NT CIIECKLIST

Aircraft ko. Ph1ase Jatc:

,\,v1lo oF .Ltac. *hinnul LGcitin:i i :;,'it ("i:/ . .r)

Y,n!, !![ I) l G [n , I
Pi Lcii #1 1 /I (- Pod 1
Yaw :- Po 2
HCi #2 5/1 Pod 2
Yav, 13 13/14 ose Pod/
itci ,!3 13/14 "!ose rd /

Yaw, "'.i 7/3 1od 3
i L6h 1".1 7/, ,') I I

Yaw -15 17/1,' Pod 4
Fitcl Y5 17/11 Pod 4

Line ar :.'if 'Frentiil 'lini~num laximiji

Variaole Transformer Channel Location Cutput (volts) N1"1tput (vlts)

I/5 5 Pod 2/1 /
2/6 6 Pod 2/ /
3/7 7 Pod 2/1 /
4/8 a Pod 2/1 /
/13 9 Pod 3/4 I

1J/12 10 Pod 3/4 /
11/13 11 Pod 3/4 /
12/14 12 Pod 3/4 /

Unit Reading/Value C.iec ked

Power Supply f 1 +15, -15 VDC
Power Supply #2 - +J5, -14 V)C
Power Supply ' 3 +22 VDC
Power Supply #4 +22 VOC
Aircraft Pcwer 24 - 22 VUC
Tel emetry Tra,;sri.itter 60 ua
Sync Word 119 110101101013
Sync Word 120 01001011130
CaliLration Word #1 -5 VDC
Calibration Word #2 -2.5 VDC
Calibration 'Word #3 0 VOC
Calibration Word #4 +2.5 VDC
Calibration Word #5 +5.0 VDC
Aircraft Pitch 0.150 VOC
Aircraft t o11 0 VDC
Aircraft Yaw 0 VOC
Infrared Uetector #1 -0.5 volts

"" Infrared uctector #2 -1.5 volts
InfrareJ Detector #3 -0.5 volts
Infrared etector 114 -1.5 volts
Triqqr Pulsu +1. volts

*Varies witt configurations, see Piase it or L word assi3nment sheet.

rI. 21
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The anale of attack transmitters are rotated to the extremes and tr
voltages read on a digital voltneter. U-s.ne tie mi.irun *nd riaxinum values
the scale factor can Le computed and compared ith the known scale factors
used by the computer to deconriutate and convert the data to enqinearinn units.

Si, LVjTs ar., c.iclcJ by m:vin! t'ie L\'JT rod one inch eitiler sidJ of
•he null position and calculating: the scale factor. These readinjs can
also be compared with known scale factors.

Aircraft power is checked to determine if the power is available to
operate the DAU and recorder. Internally generated power supply voltates
PS1 - "S4 are cliecked for tiie indicated outputs. Thes pover suppli.s
pruviJe The proper axcitation voltaq cc various traaisducers.

T,; .-.izndr telametry antenna is checked only Lc deter-lne if ts~erc is
radiatio:i fror it.

The 1,,S yro pitcii, roll and yaw can be evaluated usinn the control unit
and digital voltnieter. WitU the aircraft on the .round the roll channel
will indicate ipproximately 0 VC. bialinq the appropriate data word for
the yaw: synchroii %-ill snow a random voltage. Switchin-1 "on" the cane s,'itch.
on the control panel will brini the reading to 0 VDC. Gn .iie qro!.nd tfl,;
tielicopter will not be level in the pitch p)sition. The position varies
from aircraft to aircraft ani is dependent on landing surface and skid
slip. An output in tie rZinge of C to 150 mv could be exnected indicating a
pitch position between 0 and +2.4 de'rees.

The infrared detector and triqqer oulse transitter can be best
monitored at the junction box using an oscilloscope. Pulling the trinner
will give +1.5v pulse on both IR channels. Wlth a flashlinht the IV
channels can be stimulated. Flashini the liqht across the narrow
opening will produce a.-I.5 volt pulse from the rear detector and a
.5 volt pulse from the forward detector. As a final check several

minutes uf tape can be recorded. A cneck with the oscilloscope will
deternine if data is being recorded on the tape.

The sensor iord assignments for all confinurations of Phase A and U
are show.n in Fi.ures 22 and 23. The sensor outputs assianed to the A
words are sai-,iplfid 1000 times per second while the B words are sampled
100 Limes per secood. Jescription of the data frame inmd the arranqemen t
of the words in t,,e sampling sequence arc described in pararraph 4.1.2.

Figure 24 provides a reference to be used durinn preflilht and
troublesnooting checks durinq Phase A testinq. The sensor and JAU
assigned word is snown in the Phase A reference list for configuration 4.
The D)AU channel select column indicates the position of the thuri!jwheel

,witch on the DLAU Control Unit to monitor the assigned word. The switch
selects te cnannel that is converted back into an analol voltane availaLle
at Ol on the control unit. The sensor output nas then been converted into
tnie digital representation by the DIM and then reconverted Lack to the
analog voltage for disnlay.
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PI:ASE A DAII WORD ASSIG~NIE'IT

PHASE A COrnIBIRATIOI

SEISOR 1 2 4 6 7 12

I Uctector (Left) Al Al AI Al Al Al
ateral Accelerometer A2 A2 .*2 A2 A2 A2
ertical Accelerometer A3 A?3 A3 A3 Al A3
Fore/Aft Accel eror ter A4 .14 A4 %.4 A4 A4
IR Detector (Raight) A5 AS AS AS A5 A5
Rol I Rate AG A6 A6 AC A6 A6
AngIe of Attack (#2LP) B6 UG B5 C5 BE-II/B5-1 B5
An(le of Attack (#2LY) B5 B5 BG B6 B6-V/BS-V B6
Anole of Attack (#4P) G8 G8 B7 V7 Bl-1/B8-H B7
nle of Attack (#4RY) 07 H7 68 B8 B7-V/6S-V B3
Angle of Attack (#31IP) 814 B14 B14 BI13 BI4-H/BI3-H BI4-1I/BI4-H
A ngle of Attack (#3rNY) B13 B13 013 B14 B14-V/913-V B14-V/BI3-V
Angle of Attack (#1LP) B16 15 816 B16 915-H/BIG-Il L1,
Anale of Attack (#1LY) 315 B16 B15 BIS B15-VIB16-V B115

oile of Attack (#5RP) B18 B17 B18 Bl18 B13-1/B17-11 6111
Angle of Attack (#5RY) 317 013 B17 B17 618-V/BI7-V B17
,ircraft Pi tc, 6I 11 BI BI l 61
Aircraft Roll B2 02 82 C2 82 02
Aircraft Yaw B3 03 B3 B3 B3 03
Yaw R'ate A7 A7 A7 Al A7 A7
Pitchi iate B4 B4 B4 04 U4 D4

FIr'. 22
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PHASE [ DAU WORD ASSI.7,1E;T

CONF IIJRATIQON

SENSOR 5 S 9 10 1

II Jetector (Left) Al Al Al ", Al
Lateral Accelerometer A2 A2 A2 A2 A2
Vertical Accelerometer 3 A3 A3 A3 Al
Fore/Aft Accelerometer A4 A4 A4 A4
IR Detector (Right) AS AS AS A5 A-
io 11 ;'ate AG AG A6 A6 AG
LVUT - LI1F B5 65 B5 G5 B5
LV'T - LVr 6 CC B6 LCB FC
LMJT - L10. B7 C7 B7 B7 1
LT - LVA B8 88 B3 U8 B8
LVDT - i*,lr B9 B39 9 [) C9
LVT - RvF 11 31 0 310 BI10 B10
LVUT - , FA BI1 11 Bl 1 311 !11
LVUT - IVA B12 812 B12 12 512
Angle of Attack ,iose Pitch B14 814 013 614-H/013-1! B14-1/01 3-1i
Anlle of Attack lose Yaw B13 [13 B14 B14-V/614-V 514-V/314-V
Angle of Attack Left Yaw B15 I15 BIS 136-V/BI5-V 616-V/05-V
Angle of Attack Left Pitci BI6 B16 B16 BI5-H/BI6-11 15-H/16-H
Angle of Attack Right Pitch 1,18 818 113 818-H[/B17-l B18-H/317-H1
Angle of Attack Right Yaw 017 B17 G17 I18-V/817-V B18-%/1I7-V
Aircraft Pitch B1 1 I l l B
Aircraft kol I DI I B2 62 G2
Aircraft Yaw 33 3 C3 B3 B3
Yaw !late A-7 7 . 7 {A7
Pitca :,ate [.4 U34 184 [0 M

FIG. 23
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The UAU Test Set Uord-Frane is the tw.rd sequence in the row and
column respectively that is selected to ronitor the sensor input on the
test set. The test set display consists of 12 liohts each representinn a
binary bit in t-ie 12 it data word. Each data w rd consistsof ten data
bits plus sign rid p arity. The digital output can be compared ith the
analog input by deternininr the number of counts represented and then
multiplyinq Ly 5 nillivolt/count. Te least sianificant hit (I.SP,)
repraseat. une ciburt and ,ich succeedinn bit renresents 2, 4, 3, 15, 32,
G4, . G, 6 anld the most siqinicant bit (:,SI) renvresents 512 counts.

Te cel uv"i entiLled "Junction llux" indica tts t( ter,'inl L-oard pins
in iiL, T ,ic'ion box vler; the indirated sensor inputs can be Monitored d'irio'

onepreflight checks.

', sirnilar reference list fcr ,Nhase S3 is sdov.rn in Finure 25. Confi-ur-tion
5 is iwdicated for aircraft 67-15C91 aid confinuration 3 is indicated for
aircraft 66-1525C. The other Phase 3 configurations have slinht variation
in tiic aw3le of attack transritter channels which can be readily determined
wihen the chart is used in conjunction with the Phase "Is" Sensor Confinfuratioiis,
Fiqure 15.

5.0 iastru.entation Fquipments

5.1 beveloped Instrumentation

5.l.l InfrareJ Jetectors

TFo perform a complete and accurate data analysis of thc 2.75 incl,
rockct system, it is necessary that the tine. of trigger, t;Oe precise tir.
of rocke. egress from the rocket launcher, and the average velocity of
the rock:t with respect to the aircraft be known.

An infrared (IM) detector system of sensors was developed and fabricated
by Anerican Electronics Laboratory (-EL) that accomplished all of the abnve
mentioned re'uiremrents. The infrared detectors were desiqned to sense
te rocket exhaust plume as the 2.75" rocket passed throuih the narrov
window aperture. An I detector is shown in Finure 26.

Four IR sensors were installed per aircraft (See Phase A Aircraft
Configuration, Figure 10). Two of the detectors, the "rear IRs", %.ere
wounted in such a manner that -he rocket would be detected immediately
upon eqress from tiie launcher tube. The "forward Is" were positioned
five feet forward of the rear sensors. The time required for the rocket tn
traverse the distance between adjacent In sensors qives an estimate of the
average velocity of the missile at t;ie time of launch.

TwIo data c:,iannels werc allocated, one each for the left and rinlht
-* sides of the aircraft, and each channel recorded the triqoer pulse llus two

IR passyiu pulses for each rocket fired. The trigger ind IP detector
pulses were differentiated by the ECO1 installed hardware and produced
a narroi. (1.5 millisecond) pulse for each event to reduce time of occurrence
ambiguity. A uniform width pulse compatible with the 1000 iiz nultiplexer
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sariplinq rate was nenerated with t:;c amplitude dependent on the data
source. Since two IR detector strobes plus the trigger pulse wlere all
recorded on a single ctiannel for eaca side of tile aircraft the varied
amplitude served as a positive means of pulse source identification other
than t,ne sequence of events. The trigqer pulse was +l.5v in amplitude.

Following the successful bench test of the IR detectors by AEL, two
tests were performed at Picatinny Arsenal on 16 and 24 November 1970.
Several 2.75" rockets were fired to check the operation of the sensors., An
analysis of the results from the 16 November test indicated that the
sensitivity of the units was to, high and the low tanperature compensation
was iMaJequate. ;.esults from the test of 24 November proved that the
sensitivity problem was corrected t;ut the low temperature compensation
deficiency remained. On 3 3ecember 1973 additional tests verified that
the temperature of the roclket plume was not 2500OK as anticinated. The
senscd wavelength w~as determined to be in the 2 - 3 micron ranne. A re-
desirin of Lie units was icconplisied usini lead sulfide ,hotocells ty'e
nupiur U-3- A21 to detect tile presence of the IR at tis wivelerqth. Bench
tests again proved the system operational and further static fire testinn
was arranged. Ourin the scheduled test on 29 December 197S, the gAin of
the It' datectors was set and all ir.terratinn capaci-or s: included in the
circuitry of the first amplifier to reduce the susceptibility of the syste".
to small changes in tile temperature. This modification eliminated the
numerous pulses that occurred as the rocket passed the sensor and resul-ted
in a sinole easily recognizable pulse. Six sets of rockets ,iere successfully
fired and data recorded to conclude the IR static testiri phase.

The specification sheet for the IR Industries Inc. Plate Type Leal
Sulfide Jetectors is sho,n in Figure 27. TjpJ 0'3-S121 Oetectors were
useJ to detect tile I, in the rocket plume. Environmental and operational
characteristics for tile detectors are shown in Figures 28 and 29.

The electrical schematic for the fabricated IR detector and triirJer
shaping circuit is shown in Figure 30 with the parts identified in the
ALL Parts List pages 49 and 50.

5.1.2 Control Panel

control of the instrumentatioii equipments, except the DAt', is accnmplish-
ed through a specially designed control panel. This panel and the UAU
control unit (CU), both accessible to the co-pilot, provide control of
all instrumentation except for main power to the digital recorded. The
DAU control unit was described in section 4.1.

The control panel as installed in upper left portion of the co-pilot's

instrumentation panel is shown in rigure 31.

Tie control panel as shown in Fiqure 32 orovides the followinn functions:

a. GYRO PWil. Aprlies 28 VDC to the inertial reference
system (IRS) accelero-uters a;v i":,r'-
ers. [ irters nroidu tOe 2,,
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Inf ratron Detector Data Sheet
Infratron Plate-Type Lead Sulfide Detectors

4.1
These Infratron Lead Sulfide Photoconductors are available
for immediate shipment from stock. They offer equivalent
performance to custom-designed detectors, but at
production quantity prices. Just select the detector to fit your
requirements and order by Type (Table f) and Size No.
l(Table 2). Delivery is within one week.

SPECIFICATION$
TABLE 1 TYPE SI TYPE 32 TYPE 33 TYPE TI TYPE T2
A C QA) 2.90 2.90 2.90 2.55 2.55
TIME CONSTANT - 60 6- 150 150-250 '300 ~ '30
RESISTANCE .5 -1.5 .5-1.5 .5-1.5 5.0 -10.0 .5 -2.0

0(500750. 1) 2.0 -3.0ux108 3.2 -4.5 x108 5.0 - .0 x108 2.0 -2.8 x108 2.0 -2.8 x108
D- (PEAK. 750. 1) 2.0 -3.0 x 1010 3.2 -4.5 x 1010 5.0 -8.0 x 1010 7.2 - 10.0 x 1010 7.0 - 10.0 x 1010
DO (500, 1500. 1) 2.7 -4.2 x109 3.6 -5.5 x106 3.9 -6.5 x108 1.4 -2.0 x109 1.4 -2.Ox 109
D- (PEAK. 1500, 1) 2.7 -4.2 x 1010 3.6 - 5.5 x 1030 3.9 -6.5 x 1010 5.1 - 7.08x 1010 5.1 - 7.0 x 100
0* (500. 3000, 1) 3.2 - 5.0x10 3.0-4.6 x 10g 2.9 -4.5 x 108 1.0 - 1.4 x 108 1.0 -1.4 x 108
0* (PEAK. 3000. 1) 3.2 -5.0 X 1010 3.0 -4.6 x 1010 2.9 -4.5 x 1030 3.6 - 5.0 x 1010 3.6 -5.0 x 1010

X c (microns) - Spectral point at which 0* [Cm (HOzailsu - oetectivity s
the response is down to 30% of measured under following conditions:
maximum. Source - Monochromatic peakc
Time Constant (ju sec) - Time required (2.3) or 500'K black body
for the signal to build up to 63% of Modulation frequency - 750.
maximum when exposed to square- 1500. or 3000 Hz
wave-modulated radiation. Bandwidth - 1 Hz
Resistance (megohms) - Electrical im-
pedance per unit area. n tot oewu

TADLE 2 .AVAILABLE SIZES FOR TYPES 81, M2 NS ~ WINDOW (QUARTZ)

SIZE SENSITIVE AREA SUBSTRATE SIZE
NUMBER L aW (INCHES) (INCHiS) .--- :t TA NDE NSULTE 'usoWIRE

SAI 01Ot.00 .20 X250GOLD ELECTRODE
SAl .020 x0MO .2W0x .250 Kt

SA2 .008 .00 .250 .250CLEAR AREAfurZSA3 .00i .040 .2508x.25o0
SA4 .000 X.00 .250 x .250 SIIRT(URZSAS .06060 .2Wx .250 - EAD GROOVE.

Sam .1208.t120 .2508x.250 HOW TO ORDER:
MAT .10 x IS = 5 To order Infratron lead suffide detectorsseecSAS .200 .200 .375 x.375SA9 240 x 240 X5 xSa7s it"Pcode from Table 1.and asize code fromMbI .320 x .320 AM0 X.10 Table 2.

For example, from TabletI you might select typeMit .4008x 400) A 1 .00 63aou because of its greatest sensitivity with IcingSA12 .0108X.040 2108x.250 Wavelength response; then from Table 2 youSA13 .040 x .=6 .250 x.250 would Slec SIRe SAt beicauser of the need to5A14 .0408x.120 =50X.250 obtain the Smallest possible snsitie area tor
SAIS .040 X8.160 .2508x250 compatibility with system opticsl.
WI A2 .0108.100 .2508x.250 You would then ordler in the following manner:

AVAILABLE SIZES FOR TYPE T1, T2

SAWS .0608x .060 .2508x.250 Olsony DselpfenSA1? .1608 x160 .250x.250
SAt6" .b0 x .040 2508x.250 (specIfly) Infrastron Detector 53 - SAtI
'TI ONLY **T2 ONLY

PIIT01SUCTU Sl., INFIAHE IhhVIThIU, INC. SU F HI IN LYL, WALTHM . MMI 0*14 *PHON $1741141411IN WM 7111441
710 27
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I ~ ICharacteristics, Environment and Operation of Infratron Detectors
I I 2.3

Typical Characteristics of Infratron Lead Sulfide Detectors For 2V
Steradians Field of View, 298 0K Background Temperature

RESISTIVITY VS. DETECTOR TEMPERATURE

1000

-FIGURE 1-1
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Characteristics, Environment and Operation of Infratron Detectors
____ ___2.4

Typical Characteristics of Infratron Lead Sulfide Detectors For 2Vf
Steradians Field of View, 298 0K Backgroud Temperature

RESPONSIVE TIME CONSTANT VS. DETECTOR TEMPERATURE

- --- 4- FIGUREI-2
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and 115 VAC 400 cycle for synchro
reference and excitation for the
position and rate gyros.

b. GYRO ZEROING "Cages" the yaw gyro when placed in the
"zeroing" position. In the "off"
position the gyro operates normally and
is free to drift at a very slow rate.

c. TPRAS Ptl Provides excitation voltage to the2
Anqle of Attack Indicators and Li:ca.r
Variable Differential Transfprmers.

d. CA.? Provi:des control of t:io qunsis'ht inJ
instrument panel cameras.

e. I!.,,Y CODED SUITCIES Provides a :iethol of codinn eac', to-1
run for easy identificatinn durirn
data analysis. The h1ttery switcn
provides a 9 volt level to each of
t;ie eleven code identification switches
on the panel. !1hen a cole switch is
"on" 9 volts are applied to a particul3r
bit in tile liscrete voor 01 in thu
dita frame. Durlnn the data analysis,
the computer converts t'e Linary codzd
switch closures into the run numbcr.

Panel ligits are provided over the qyro, transducer and camera switciies
to itdicate an "on" condition.

The electrical schematic of the control panel is shown in Figure 33.

5.1.3 Instrumentation Pallet and Junction Box

Two AI-IG aircraft were instrumented and wired by ECO'i to be used for
the 2.75" Iocket rrogram. Since data would be taken and test fli:hts
scheduled for only one aircraft with tile other serving 4s a back-up, a
systen design was devised that would permit a complete instrumentation
exchiane within a day. The excianqeJ items included tile data acquisition
system and the ancile of attack pods. The wiring harness and instrumentation
transducers were duplicated and interchangeable between aircraft.

In order to minimize the time for exchanging the single data acquisition
system, an instrumentation pallet was fabricated that would mount in two

• slides provided in the ammunition compartment of the aircraft. The
data acquisition unit (DAU), dliqital recorder, Junction box and telemetry
transmitter were mounted on tile removable pallet, as shown in Fiqure 34.
The cablinn between the units remained iitact durino the chanqe-over
procedure. Figure 35 shows the installation of the pallet and equipm~ent mounted
in the ammunition compartment, prior to final lacing of the cablinn.
Removing four locking pins allows the data acquisition pallet to move
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FIG. 34 IN1STRUMEN1TATION PALLET
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freely in tC slides. Uhien.'ver a reel of nainctic tape was chancled or
cal ibrationi was to be performed thc pins could be removed ind the pallet
nulled out from either sidIe of the compartmenit into a lood viorkinn
position wi6*#hout remnovinq any cabling.

The junction box, show"n in Figure 36 Lrought all subsystems of t1-ie
instrunentation system tolether. The box contained all power supplied for
transducer excitation, filter networks to reduce ambient noise levels and
test points for monitoring the complete systen. All transducer outputs w'ere
brouqght into the box prior to being routed to the proper DAU channel. By
removing~ the side panel as shown in Fiiure 36 all test points L'ecare
accessilo for ease of calibration arid troubleshootinq ch('-cks.

The- Prase f. confi~urations iire different from thase ol iPhase A~ as
4as bt;,ao previously .Alcscribed. In or'er to eliminate severil of tile
aivi1e of a--ack inv'uts and replace tiier. ilth L'!DT inputs, somec an-le of
attack inpruts to the terminal board were removed, taped and tiel back.
Jurl)er Oires were routcd from the LVDT terminals to tite vacatee (input
side) i%,.T terrinals. Following~ this procedure LVDT data infor')Rtion was
available on previously designated MAT channels as required.

5.1.4 LVrJT Support Brackets

The LOUT sensors, were provided to accurately neasure the relative
i'xvei-ent of thle rocket launcher during Phase 'Ai testing of the 2.75" 2ocket
Pro,,raoi. Tne supports, Flqures 37 - 40, were desirined to minimlize the
iveen"t of the LVUTs with respect to the airframe. Tae supports vere
b-olted to tile airframe via several hard points and thronh compression.
rods joined tile left and rlqht hand support structure into a unified
rigid 6ox asserbly. The structure was completely independent of the
aircraft wing and tile rocket pod assembly. iUue to the riliity of the
system all movement indicated by tile LVDTs was attributed to the motion of
tile launchers relative to the aircraft inertial axes. Vibration testini
of thie various points of interest support this assumption.

5.1.5 Anc'le of Attack Pods

The angle of attack pods were specially desi.lned and fabricated
by Armerican Electronics Liboratory (AEL) to meet the follovwinq require-
ments:

a. Edchl pod was to house two nutually perpendicul3r anrile of attack
transiittcrs.

L. Tile pod should cause minimal airflow disturbance about the
aircraft duriny the fliqht tasts.

c. Tile pods must be readily interchanleable betveeii aircraft.

d. Five pods were reluired durn' Phase A flina~t tests. Onhe nod
nounteJ from each Jof our rocket launchers and the fifth extended into tile
alrstrear in front of the nose of thle aircraft.
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e. The pods s)iould Le easily and accurately alilned in the pitch and
roll axes.

Two angle of attack pods are shovn in Figure 41, as thley were installed
in aircraft '7-lb69l for Phase A testi.vi. In parairana 5.1.4 several otner
viev;s of t'e pod installation are showI.

FTie nose pod is sliwn in Figure 42. The pod was located in a position

approximately 13" below the aircraft nose so that the Pitot reading would
not Le effected.

5.2 Procured Instrumentation

5.2.1 Annie of Attack Transmitters

The angle of attack transmitters are specifically designed to
measure the angle between the aircraft coordinate system and the
relative airflow in a plane peroendicular to the sensor probe.

For the 2.75" Rocket Pronram, ten annle of attack sensors are mounted
on the aircraft as shown in Finure 10 Four sensors measure the angles
between the lonritudinal axes of the rocket pods and the relative airflow
in front of the pod. A fifth sensor mounted in the nose of the aircraft
measure: a similar anqle at that point. These angles are in the yaw nane
of the aircraft. Five additional sensors are mounted horizontally to
detect relative airflow information in the pitch plane of the aircraft.

Th'e theory of operation and the rmountinn dimensions o- the anale
of attack transmitters are indicated in the Teledyne, Inc brochure,
pages 67 through 69..

The Teledyne angle of attack transnitters were selected for use in
the prugrai because of liiir niqh accuracy, lood frequency response aivt
reliability. The urnits eiqh only ? ,ounds eac*i and can be riounted in
sucI a iar;ner that only tiie probe extciods into the airstream. For
installation on the All-VI helicopter each angle of attack was housed in
an aerodynamic pod designed to minimize disruption and turbulence in tWe
airflow. Thie anile of attack as moejrted in the pod cai L2 'eui .
Fijure 43. The anle of attack transmitter specifications are listed Lelov.:

AWLE OF ATTACK TRAISMITTER SPCIFICATIONJ

ACCURACY t 0.1 deirees

SEhSII RANIrE 70 knots to 1Iach 4.5

'E I'FT 2 Pounds

;,NISULAR 'Ar!lE t5 berees

Ct T UTS 2 'otentiometers

;EATEP (If 'eiuired) AC or "C
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J"OrTELEDYNE, INC.
AUTOMATED SPECIALTIES DIVISION
P. 0. BOX 888, CHARLOTTESVILLE, VA.



PRINCIPLE OF OPERATION

A conical probe extends through the aircraft skin perpendicular to the flow of air.
The probe is attached to a paddle inside the transmitter housing. The probe and
paddle are free to rotate. Two sets of slots in the probe allow pressure variations,
caused by changes in airstream direction, to be transmitted through separate air

passages to opposite sides of a paddle chamber. When the pressure acting on one
side of a paddle is greater than the pressure on the other side, the paddle and
probe rotate until the pressures are equal. The probe thus positions itself to
determine the angle of attack of the aircraft. The probe also drives the electrical
pick offs such as potentiometers or synchros.

AIR PASSAGES

PADDLE

PADDLE CHAMBER

FLOW

POTENTIOMETER

HEATER

DRIP PING

I POTENTIOMETERI)ESIiGN FEATFURE S

RESPONSE Low moment of inertia and viscous damping derived from the resistance of the
internal passages to air flow produce a fast, non-oscillatory response at all operating
speeds. As a result displays are enhanced and completely flyable under all flight
conditions.

MOISTURE PROOF Heat and ventilation prevent condensation. Ingested moisture is trapped inside the
probe and rapidly drained overboard through drain holes aided by a drip ring.

ICE PROOF Ice removal and prevention is achieved by an electrical heater imbedded in the
leading edge of the probe.

MECIANICAL. Excellent mechanical strength results from the conical shape of the probe and the
STRFNGTUI generous size of ball bearings and shaft. Structural portioos of the probe are

stainless steel. Endures all normal service use and handling.
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5.2.2 Liraar VariLlle iffercntial Transforner (LVDT)

The LVDTs, as tised in the proqram to measure relative motion of
Stnie rocket pods, were described in paragraph 4.3.2.4.

The Sanbori units were s"l ;cted fur t.i pr',prin bacause a)f teir
swall size, r'ziqed construction, hiqh accuracy, sensitivity and data
s,'dbiliLy.

it complete description of the units, the toeory of operatioon, outline
drawing and specifications are described in the brochure provided by
Sanborn Division of 1levilett Packard (See Paqes7l throunh 7).

Firure 20 s~iovis a typical installation of the LVOT W,Jel 24!CDT-lO3C
on lire LViUT supports used to rmeasurc relative motion of the rocket launch-
er in thu vertical Jirection.

5.2.3 Inertial 9eference System (IRS)

The inertial reference system (I.%S), Humphrey Inc. 'IoJel CF 32-0201-1,
wias sclected for the 2.75" Rocket Pronrar because of its r,:ady .vailaLility,
sirall space requirement, low weight and its ability to meet the riiJ
accuracy zpeciricatiotis. The IRlS specification shoet is included as
fiqure 44.

Taut I:.S is a self contained packaqe includin onsition qyros,
accelerometers, rate lyros and rower suplies whlich onerate in the specifiel
tertIur anti viLrS)tion environmert. Fin.ires 45 inmr 46 siov, the
iatarkial construction of the I:S with the case oened. Outline dimensions
are presented in Figure 47.

A unit had to be selected that could be physically located close to
the aircr3ft's center of gravity. The installation in the aircraft
closest to this point is behind tue pilot's seat as shovwn in Filure 48.
T- acka %! was riecrnicailly; alid electrically levcld iii or.1jr Lo alin'n
t, tkrc I.S axes (rol , pi tc: nd y-.i) with the three ax.s of the
aircraft.

TiM: j,.it ii ,orr:ally pressure tiril,t at all tines, Ars i.11ic.te'l on tL.,rC
spicification sioet, However, duriwv fliht tests at Ypr, tho te"ieriture
exceeded bte specification linlits and several internal power supply failures
resulted. It w is determined that a circulation fan was required in tne INS
and the installation of tiie fan solved the hiqh temperature problen.

Bencii testinq of the system could be perforwed by nonitorinq the
desired output witi a diqital voltmeter and manually alterin eitner
position, rate or acceleration fields with the appropriate calibrated equin-
ment. The electrical schematic is shovn in Finure 49. 4
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DESIN PRATMM

" High Resolution

" Zem Hysteres

* Linearity Error Lems than 0.5%

* Built-in Carrier Oscillator

* Built-in Phase Sensitive Demodulator

" DC Input - DC Output

" No Phasing Problems

" No Harmonic and Quadraftur Null Probem

" Easy to Ue

TOMOOUIR TW& DC-bv*u,OC-autput Moffres"~ trawU
former will bo"tu carier acllatar and Owe.. somililve
demodudaier providing DC oupu prop oina to liear
dbsplament. Figuro 1. Model ?DCDT-M5
SWIM: Displaceimeuws of *0.05'to :13.0' fiull scale.
OUTPUT, C vaoseaeampludeopasilHna- tocore(armature)
displaceen -and polarlly related to gom dArActh of displace.
mesS. Deulallmn frau do berad gh be@1 I A -- zero not
mor. *amn 0.1% of toal 1ir-is rage.
SENSITIVITY: Ser"e 7=CT, Ful scale vaupub front :k1.5 VDC

* (fa~Yr dO.0S' siras range model) to *SVDC (for *3.0strakte
rage model). Requires 6 VOC nam"a excltation.
SaI. 24DCOT: Ful scale outpoos from *S VDC (far *0050'

sirol rane moal) 135 VUC for (*3.0' stroA rang

SZAutma 1110c dm Sulen 3700 tea-nrale dm teak,..

e misr kmtj2 ao prssr ransv ce Le. lowda tue

bebem UNScmet Tour 2.der Funclona Diagramwl.N~ -



-URION
The Sanborn 7DCDT and 24DCDT Swie of dle- If le ripple in desired, additional external filtering
placeet transducer, are linar variable differetial may be added, but a consequent lows of frequency
transformers, with bullt-I 6 or 24-volt DC excited response should be expected. If, on the other hand,
carrier oscillator and phase sensitive demodulator bette frequey respose is desired, DCDT with
Mutms. Tbough small In s, they m o networks havin shorter time constants can be sup-
strueted. They provide the unlimitd resolution, high plied on special order. Then, if the ripple is exeemive,
accuracy and uemstivity of Sanborn dhplacment the user can add an external network with sharper
transduers while eliminating the e a d cost eut-of characteristics than thoe ordinarily supplied
of complex arrier systems. Input and output ciruits - an integral part of the transducer. The senstvity
are eletrieally isolated from eah other and the coil specifications lated on pag 4 are derived from tests
ssembly c s. making them uable directly in ating taken with the transducers operating into an infinite
oround retrn sstems. TheDC output Is sufficient impedance. For other values of load impedances, the
to drive most standard DC indicators, recorders or output impedance of the DCDT should be taken into
control systems. The design of theme transducers cosdrto.Typical output characteristics are
eliminates the usual phase shift correction and bar- shown in Figure 3.
moneqnd-quadratre null problems associated with
differential transformers. O cT

A DCDT consists of a coil assembly and a core which, ouwn W ., OOAD
when dplaed n along the axis and within the vOLTS 0C 0K WAD

bore of te coil am ly, produces a voltage chancX
in the output proportional to the displacement. Both IF LOAD
series of transduers are available in seven stroke W.e s
rn .Cores ane available with either a 0.001 or
0.0 r8 radialearane between the col bore and core
OD; and with (1) an Integral coreextenston rod (2)a
tapped hole at each end, or (8) a blind hole at each end. - ----

THEORY OF OPERATION
A DCDT coil assembly consists of a diffe4retial trans- Fig" 3. Typ al Ouu Oaractersc
former coil, a DC-exeted solid-state owillator and a
piseesitive demodulator all In o small packa. To realise the IN it o 0 'f full
The osciator converts the DC Input powe to Ce I
which isusedtoexcite the prim a I .wndi. The axia
core position determinm the amount of voltage in- " 1WI, but the linearity range of the transducer
duced in the secondary windings. Each of the two will be rduced. The resolution capability of DCDTs
secondary circuits contains a secondary windi , a is theoretically infinite, being lin ed onl by the
full-vave bridge, and an RC lter. Them "OUT read-ut device. U1 a Model 7CT00in usdwith
circuits ae connected in series opposition so that the a Sanborn recording ste haiga Model 850-1000
resultant output is a DC v proportional to the DC coup preampifer, the sensitivity ofthe system
core diaplaeemant from electeal enter. The polarity will be a 80 division stylus deflection for a 0.001
of the voltage is a function of the location of the core inch displacement of the transducer core . If con-
with rept to electrical cater.. nected to a portable Sanborn single channel Model 299

recorder, the maximum sensitivity would be a three
A simplified functional diagram of the transducer is division stylus deflection for a 0.001 inch displacement
shown in Figure 2. of the transducer core.

PERFORMANCE CHARACTERISTICS Nominal excitation is 6 VDC, 20 milliampa for the
7DCDT Series and 24 VDC, 88 millamps for the

The frequencies at which tramducer outputs are down• 24DCDT Sriss. These values are the basi for the
8 db are listed in the specifietious on 4 and we listed specifietions. The excitation voltkae range
based on test data. O utu ltudesandph for 7DCDT* is5 to7 VDC and 20 to 28 VDC for
rltlobpaatotherfruceab x 24DCDT. The sele factor is a function of the ampli-
from the following eqinte: tude of the excitation voltage. The percentage change

in sale factor as a function of the excitation voltage
awill not exceed the percentage chea of the excitation

o -aretan volta.

A, - 1 APPUCATION CONSIDERATIONS

The 7DCDT and 24DCDT Seres have identical
stroke ranges. 24DCDTs hsve senstlvities that are

W t etims those of comarable
Wee 0 - phse ania, displacement DT ~I.7The power coeumiqn of.a IDCDT

a nd detrca output. is130 -millwatts; 24DCDT, approxi-
A.- amplitude ratio t 9024DCDT models can be used

em. - _-In aiwture envirommenta up to 2~ hra
- lom whr I DCDT modele must not be idb=eei to tmper
DCDTput;i'o~ = 8 abture greater then 140*F. When aeset ai DVOT

the maxun peak-toekdsacm ttob
*Deebiec eanlw is tie pSdosIS of he covereus to mesured, the at is nture range and the
the maZ swm Mhe eWdpuissere dis hle approxf- full auk;v7y of the associated electronicmobue a" am uug es ea .klnoh equipmetsould beconkdered.
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INSTALLATION AND OPERATION
DCDTs ar easily installed. The core should be con-

neted to the moving member and the coil mounted
to a mechanical reference point in a device such as a
Sanborn T62-6 Mounting Block, tubular clamp or
similar fixture. The mounting setup should have pro-
viioas for adjusting both the radial and axial align-
ment between the coil and the core. Connection to
the moving member is accomplished by coupling the
moving member to the threaded connecting rod
(standard models) or to the core by means of an
extension rod T1S-19PI or -19PF, see back page. The
extension rod can either be threaded or cemented to Figure 5. Sanborn transducers as sensing devices in a
the ewe, (using LOCTITE Sealant, Grade A), de- closed-loop servo system
pending on the core type. The mounting hardware
should be made of non-magnetie materials such as servo control system shown in Figure 5. The DCDT
brass or 30 stainles steel. provides spool position feedback and the LVeyn, spoaN

Two different diameter cores are available; the 0.120- velocity feedback for servo stability. Another example
inch diameter core makes a sliding fit when inserted istheumse ofayDCDT and LVr y combinatoin 01
into the coil so that the coil may be- used as a sup- eount-mmure system to provide linear pgso and
porting bearing. In some applications, particularly velocity feedback in the magnetron magnet srvo
where a line has already been established by two or poeifsoning s aa e r eet
more points, the lack of clearance when using the Sanborn LVsyns i available on request.)
0.120-inch diameter core may make it difficult to
allgn the core with the coil bore. In this cae, the
0.098-inch diameter core is recommended as it will CONNECTORS AND ACCESSORIES
provide 0.026-inch diametrical clearance between the
coil ID and the core OD. After the transducer has All DCDTs are supplied with 18" long 22 AWG
been installed, the core and coil should be adjusted teflon insulated leads. 7DCDTs am also available with
for radial alignment and then zeroed. 5-pin Amphenol Blue Ribbon #126-217 Connectors

viz., 7DCDT-050-C1, etc.; and 24DCDTo with 7-pin
Amphenol #126-195 connectors viz., 24DCDT-050-C1.

DCDTs should be energised by a low imp e
power source. Sanborn regulated 115 volt, 60-cye

?OC- 00o 6- and 24-VDC Power Supply Models TPS-11 (6 VDC)
Morro and TPS-12 (24 VDC), with convenient Transdae
• MOMM \and Signal output connectors on the front panel, m

AtA tailw. designed to provide excitation for DCDTs. Standard
MAN banana jacks with " core spacing are also mounted

on the front panel (gure 6) so that thes units may
be also used as auxilary power supplies. Both power
supplies have the capacity to power up to five DCDTs.0 PThe T41-11 Multipl DCDT Power Supply Adapter
(Figure 7) permits utilization of this capability by
providing five excitation and transducer output chan-

oc M inels with individual sensitivity adjustments.

Figure 4. Typical Application Sanborn Portable Power Supply TPS-10 is a bandy
source of 6.5 VDC for use when 115 VAC i not readily
available, we Figure 8. A data shet demeribing both

TYPICAL APPLICATIONS power supplies and the adapter i available on requet.

Figure 4 shows an application which includes a Sanborn mounting block, core extension rode and
Sanbon TIM-il power supply connected to the extension rod coupler accmories for DCDT* ar de-

transducer excitation tminl (red lead to +, black scribed and illustrated on pae 4.
lad to -)" and a ere-centered meter connected to
the output terminals.
The moving member (and awtly the traneducer ASSOCIATED READOUT INSTRUMENTS

e) is firs plae at mid-travel which is mechanical For maximumi simplicity and economy, the output of
-. The coll or the ore i then adjusted axially until DCDT can be fed directly to a DC voltmeter whish

the meter reads sero. The cor will then be axially will give a vol indication proportional to 4-
psiti SprIdmStey in the center of the coil. No placement. The signl may a be fed to

quadrature rejection or conditionin equpmet, for r and/r es ol
other wud adjuetmenta dnt eetial trasormer. sh a: Sanbarn single, dus, 4, 6, r
mr rquired. reodn tm;HP Moddl 40 Automatic Digital

* The combination of a Sanborn DCDT an LVq. Voltmieter; Dnsmec Mod 24013 Int r at m iitavdo transducer) is often umed in svo
=inmr p =itonf systems. An example is a hydraulic

For a comprehensive review of the mncobint"n
of Sanborn, Hewlett-Packard and= oterItrumenta-

OPreper nati"m pelarit ustS bse rd. RavrJ tion available for use with Sanborn loaodces,
of excilutin beds will burs out OWe prion circuds. consult your nearest Hewlett-Packard Aid oes.
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2UCDT 7D~ 70CTiSCO. lOCT. 7COT- OCOT 2JOD DecT. 24DCDT. 24MCT. 24001.- 24001-2d0.

MOOR_____ Nn 050 0M0 MW2000? T 4D 2DCDT

Ho0 *102500O *1000 32000 *3000 *050 100 *250 no0 *1000 *3000 *3000

ha edd/ N .56 U & 48 2.A LO &a 9.0 2.0 2S 1&0 17.0 1&0

Mepkm= Now
WmL -1 0. *00.8 *20 *JOB 0.811 *05 *k000 *0.8 *.0 *20 *. *00 5 *IM=120 *2.0

ebp 6 6 6 6 6 6 6 24 24 24 24 24 24 24

1OWI O 9.0 9.0 1.2 2.4 I.E 1.0 1.0 14 Is 4.0 3.6 2A 1.9 1.

apple 07 o 0.7 2.2 1.2 1.5 1.8 3.0 0.6 0.7 OA5 0.75 0. 15 1.5

2. owd 2 3.0 5. S.3 &.5 S.2 5.0 2.S 3.5 S.2 5.5 J 5.6J U U. .

Dw11CS 310 170 12N 135 114 126 100 300 140 Its Ito t00 Ito 7s

TOOP-601" 4-4. -645*Pso 10* -4* 501F

_111111 (GrowI 9J ? 17 218
T-W d Ks d 1 23 1 38 1 691 781100 1 171E ] 29 3 t t 7

*aefts 7001, mmua mIIum vo5mp 7 VDC. 5b VDC. &Wu. 240C0?. max exdlaln v.5mg. 25 VDC, ab 20 VOC.

-otwo
DCDT DISPLACEMENT TRANS. TRANWUCWES
DUCER. Specify the booki model
number, e., Model 7DCDT-050 for 7DCDT-WO........ $WO.0 24DCDT-05....... $140.00
6-volt excitation and a *0.060 inch -to1....... 106.00 -100 ....... 151.00

dipaeet rangs. If you want this -250 ........ 119.00 -350 ....... 166.00
txedcrwith other than a standard -W00........ 182.00 400....... 177.00

core assembly, select the core configu- -100o....... 141.00 -1000 ....... 18.0o
ration desd (se outline drawings) -3000 ...... 1LO 00...... 200.00and add the proper suffix to the beasic 4 ...... 155.00 -m...... 70model number, eg., Model. 7DCDT-4001.0 . 370
060-12. If you want the leads termi- opzre~for 7(2tDCDT-X-BtI,-B12, -38 etc..e sonsfer equivolost stroke standaerd
noted with Connector 126-217, add modds Isiad ove (where X equais stroke in tbotendths).
-CI to the existing number and $6 00to pre e.g., Model 7DCBT-O60-1
or 7DCbTO80-12-CI. Twenty-four 2 '6Sp"$s~is

oree ysbttraudnutes peni be TPS-10 for 7DCDT Swim TU48 Coupler ..... $5.00
th rix(4 /et,.Y) ....... $20 T524 Mtc. ISock ....... 12.00for (7) in the above numbes TPS.11 for 7DCDT Saim......180.00 T*ri-iPi IEr no

ACCESSORIES: Spa or1 can be TPS-12 for 24DCDT Bain..s.... 175.00 Rod....... 8.50
ordered with trndcr. These core T41-11 Mipl DCDT PomTISP2 IV Etenion1  87

the duesr opgeatico erties Whom

spedeffistins Specify the model or

~numnber give. n the ML 7/SISCOT.01 MIN. MtP2101 622221 "19.4M 119.21 TMI 91 L520

to the outlifne d andse2snWt1 . 15TW -Vmm -I5W -FMTiwlN 2P -~iW -9414 4 1
mode am Vlte desired cor WI .~i no9.lM In.9 5f ~~ 192 143 5

the actual ast aumber eI. if14 Io MPH 51 -iW~W Y 1~P WW 2104 9425 sis!
7DCDT-W0 Trnducer, orde ore m nof~o T77.IP7 MI I2.2 622s22 019.4K 119.22 1192 5.75ft s

par number T1I45 IOs .sm s.- *

OWel 6W mW 61 AN piIka,~ . wee bf m&wm Is m "W - ei. Ome am fvaM %d,%W

-, N O N eiRue fb~"W rWvr AlISWfp 0f WAt A4MN MM% a

A 08111100" W OPWLNV-PAW74
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